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@ Imidazote derivattvea and sa»ts thereof, their synthesis, and tntennedlatas, and pharmaooutlcal ffarmitMona. 



@ The invention relates to l-ary I a Ikyf imidazoles of formula 

in which A is a straight or branched alkylene group of from 1 
to 3 carbon atoms, or a straigbt or branched alkenylene or 
alkynylene group of 2 or 3 carbon atoms, n Is an integer 
which is at least 1 , and the or each R substituent, which when 
n is greater than 1 may be the same or different Is a satu- 
M rated atkyi group of from 1 to 4 cart>on atoms or an unsatu- 
^ rated alkyi group of from 2 to 4 carbon atoma, with the pro- 
^ vieo that when A ia unsaturated, R may also be alkoxy of 
^ from 1 to4 carbon atoms; (when n fa at Ieast2) alkylenedioxy 
M of from 1 to 4 carbon atoms: halo: trihalomethyl; hydroxy; 
1^ cart>oxyl; a salt of such a carboxyl group; cart>oalkoxy: car- 
boaryioxy: cart>oarylalkyloxy; -NR*R' or-CONR*R', In which 
fV) R* and may be the same or different and are hydrogen or 
Q alkyI of from 1 to 4 carbon atoms; or an acid addition salt of 
O such a l-arytalkylimidazoie. 

Methods of preparing these l-arylalkylimidazoles are 
O diaclosed. 

. The l-aryialkyllmidazolea have pharmacological proper- 
Pa ties of use in medicine, in particular for the treatment of 
UJ prophyisxis of thrombo-embolic disorders. 
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_ 1 _ A553 
Imidazole derivatives and salts thereof, their synthesis and 
Intermediates, and pharmaceutical fonnulations . 

The present invention relates to imidazole derivatives and 
salts thereof to theix synthesis and intermediates thexefor, 
to pharmaceutical formulations containing such compounds and to 
the use of these coinpounds in medicine. 

Thromboxane ' * stimulator of blood platelet 

aggregation, is produced, in platelets, fron the prostaglandin 
endoperoxides PGG^ and PGHg. Prostacyclin (PGIj) # wh±ch has 
potent anti-aggregatory activity, is also produced (in blood 
vessel vals) from PGG^ and PGH^ ^ suggested that 

a balance between the production of TXA^ and PGI^ is the 
controlling factor in thrombus, formation. It would, in 
consequence be desirable in the treatment and prophylaxis of. 
thrombo-embolic disorders to be able to selectively inhibit TXA^ 
synthetase, thereby favouring the production of the anti-aggre- 

gatory agent PGIg- 

Imidazole and 1-methylimidazole are known to provide some 
degree of inhibition of the enzymic conversion of the endoperoxides 
20 (PGG^ and PGH^) to thromboxane by platelet microsomes (Moncada 

et al.. Prostaglandins, 13/4, 611-618. 1977). Certain 1-n- 
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alkyliSLidazoles, especially 1-n-dodecylimidazole and Its higher 
homolocues have been described as being capable of lowering 
serum cholesterol levels (U.K. Patent No. 1 364 312; Biochem. • 
Pharmacol. 24, 1902-1903, 1975) . 

We have now discovered that TXA^ synthetase may be inhibited 
by l-axylalkyliinidazoles of formula (I) and acid addition salts 
thereo*. The compounds of formula (I) and their salts are 
hereinafter referred to as the "active compounds". 

Tbe compounds of formula (I) are novel and of formulas 



— A- 



/ 




(I) 



in which A is a straight or branched alkylene group of from 1 
to 3 carbon atoms, or a straight or branched alkenylene or 
alkynylene group of . 2 or 3 carbon atoms, n is an integer 
which is at least 1, and the or each R substituent, which when 
n is sweater than 1 may be the same or different, is a 
saturated hydrocarbon group of from 1 to 4 carbon atoms, 
or an -unsaturated hydrocarbon group of from 2 to 4 carbon atoms 
with the provisos that 

(a) when A is a methylene or ethylidine group, n is at least 
2 when R is a saturated hydrocarfxsn group, 

(by when A is a branched propylene, or straight propylidene 
group, n is at least 3 when R is a saturated hydrocarbon 
group. 
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(c) vhen A is unsattirated R may also he selected from 

alkoxy of from 1 to 4 carbon atoms; alkylenedioxy of 
from 1 to 4 carbon atoms, when n is at least 2; halo; 
trihalomethyl; hydroxy; caurboxyl? a salt of such a 
carboxyl group; carboalkoxy; carboaxyloxy; carboaryl- 
alkyloxy; -NR^R^ or -CONR^R^, in which R^ and R^ may be 
the same or different and axe hydrogen or alkyl of from 1 
to 4 carbon atoms; with the further proviso that when n is 
1, R is not a saturated hydrocarbon group; 
or an acid additon salt of such a l-arylaUcylimidazole. 
In formula (I) examples of the group A are:- 
methylene, 
propylene , and, 

in the orientation of formula (I), 
-CH^-ca^CH-, (cis or trans or iscsneric mixture 
thereof) . 

A valuable class of compounds of formula (I) are those in 
which the aromatic ring is substituted by at least two saturated 
or unsaturated aUcyl radicals, especially if one substituent is 
in the 4-pQsition in the benzene ring and A is either methylene 
(-CH^-) or, in the orientation of formula (I) , -CH^-CH^CH- 
(cis or trans or a cis/ trans mixture-cinnamyl compounds) • When 
A is imsaturated, preferred compounds are those in which the 
aromatic ring contains alkyl, chloro or methoxy substituents . 
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Compounds of formula CD may also be used as acid addition 
salts thereof, especially as pharmaceutically acceptable ones. 

Especially preferred compounds include :- 
1- [3, 4-dimethylbenzyl) imidazole 

1- C2,4-diclilorocinnajDyl) Imidazole i.e. 1- [3- (2 ,4-dicliloroplienyl) 
prop-2-enY]^ ijaidazole 

1- [3- (2, 6-dicliloropheny 11 prop-2-enyl| imidazole, and acid addition 

salts thereof. 

Other preferred compounds include 
1- (2,4,6- trimethylbenzyl) imidazole 
l-[3- (3,4, 5-trimethoxyplienyl) pro»p-2-enylj imidazole 
1- [3- (3 , 4-dimethoxyphenyl) prop-2-eny^ imidazole 
l-[3- (2-hydroxyphenyl) prop-2-enylj imidazole 
l-jjS- C3-bromophenyl) prop-2-enyl]imidazole 
1- [y- C4-chlorpphenyl) prop-2-enylj Imidazole 
1- [3- (3 , 4-dlmethylphenyl) prop-2-enyl^ imidazole 
1- Cs- C2-methoxyphenyl) prop-2-enyl] imidazole^ and acid addition 
salt^ thereof. 
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In contrast to Imidazole and l-methyllmldazole, the 
compounds of formula CD are more potent inhibitors of TXA^ 
synthetase. Many of the compounds (for example in formula (I) 
R Is 3,4-dimethyl aad A is -CH^- or in the orientation of 
formula (I), -CB^CB'^CB-) are also more selective in their action 
in not inhibiting other anti-aggregatory prostaglajidin- 
* generating enzymes. The cQn^>ounds of formula (I) alsd do not 
produce the side-el'f ects found with imidazole upon in vivo 
administration. The compounds of formula (I) are further 
capable of inhibiting platelet aggregation in vivo and also are 
capable of disaggregating platelet cluai^s, the compounds l-(3, 
4-dimethylbenzyll imidazole , 1- 12 , 4-dichlorocinnamyl) imidazole 
and L- (2, 6-dichlorocinnamyl) imidazole, and their salts 
especially displaying these properties. 

Imidazoles of formula (1) and acid addition salts thereof 
may be made by any method known in- the art for the &ynthesis 
of compounds of analogous structure. . In general these methods 
comprise linking the imidazole ring to the remainder of the 
molecule? converting a preoarsor molecule by elimination of 
a functional group;. ' and form.itior. of 

the desired compound from a corresponding pyrazole, imidazoline 
or other unsaturated analogue. 

A most Convenient method of s^Tithesis involves the reaction 
of imidazole /formula (II) or a salt thereof with an arylalkyl- 
ating agent of formula IIII) : 
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CII) 



(III) 



wherein n, and A are as defined in formula tl) and z is a 
leaving group. This reaction is well established in vhe 
literature, and the leaving group may be chosen from a 
variety of substituents but es^cially halo, preferably 
chloro or bromo, or from p-toluenesulphonyloxy but other aryl- 
sulphonyloxy, alkanesuiphonyloxy or arylalkylsulphonyloxy 
^radicals zaay be used. The z«%action is preferably performed in the 
presence of an acid acceptor, for example an alkali metal 
al3coxide, such as sodium methoxide or potassium tertiary 
butoxide^. in the presence of an alkanol. The leaving group 
Z xaay itself be formed in situ from the corresponding alkanol 
(2 « OH) by reaction with a hydrohalogenic acid (e.g. hydro- 
chloric acid or a Lewis acid, such as aluminium chloride: see 
Japanese t:itent Kokai No. 131577/77) and the resulting agent 
of formula (III) reacted directT.y with imidazole without prior 
isolation. Alternatively an alkanol (Z « OH) or a derivative 



thereof Ce.g. Z =^n'^fe>--A-0^)may be reacted directly with 
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imidazole CII) by heatJLng in the presence of a dehydratrlng agent, 
such as phosphoric acid^ or a phosphate (see Japanese Patent: 
Publication No. 51 105 O60) , sulphuric acid or sulphates (see 
Japanese Patent PublicatJ.on No. 51 105 061) . 

Among precursor molecules which may be converted to a 
compound of formula CD or an acid addition salt thereof, are 
substituted imidazole derivatives of formula (IV) or addition 
salts thereof. 



CIV) 



12 3 

Wherein A, n and R are as defined in formula (1) , and Q ^ Q / Q 
4 

and Q are the same or different, at least one being a radical 
capable of removal by, for example reduction or oxidation, the 
remaining radical or radicals being selected from hydrogen or 
a radical capable of removal in the same or another manner (e*g« 
a carboxyl group -see formula CVI) -removed ]jy decarboxylation) ^ 

y is Q ogr an integer with the proviso that y aind n together do not 

12 3 4 
exceed 5. Q , Q , Q aid Q* may be selected for example from 

thio C-SH) , alkylthio C-S-aDcyl, wherein alley 1 has from 1 to 4 

carbon atoms) or halo preferably chloro or bromo. The reaction 

conditions axe chosen according to the nature of the radicals 

12 3 4 
Q f Q r 2 aui^ Q • Desulphurisation may be performed by oxid- 
ative or reductive procedinres using for example nitric acid or Raney 



0003732 



A553 

- 8 - 



nickel; and reductive dehalogenation by the use of ainc and 
acetic acid or Raney nickel or other reagents known in the art 
or described in the literature. 

Another class of examples include carboxyimidazoles or 
deiivatives thereof of formula CVI) ; 




(VI) 



wherein A, n, and R are as defi-oed in formula (I) , at least 
one of R^, R^ and R^ is carboxyl or a derivative thereof (for 
example an ester such as an alkyl ester, an acid hal-lde such 
as the chloride, or the nitrile) and the othtrCs) is hydrogen 
'or carboxyl or a derivative as described. The compounds of 
formu:.-a (VI) may be converted into tl-.e Imidazoles of: formula (1) 
by any suitable decarboxylation conditions which nay simply 
comprise heating the compounds with or witnout a catalyst, such 
as copper. 

The imidazoles of formula (I) may also be made frcm a 
compound of formula (VII) s 

wherein CjW is 1-imidazoline, l-imidazole or l-pyrazole, A 
is straight or branched saturated or unsaturated acyclic 
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3 

hydrocarbon radical which may include a keto-^roup, and R 

is *. ^Q^^ ^^^a wherein R and n are as defined in formula (I) 

and when A is unsa-turalied R may also be nitro 

1 3 • 

provided -that at least one of^^ A and R ds other than 1- 
imidazole , a saturated acyclic -hydrocarbon group and ^ ^Q^ T^^^ n 
as defined in formula (X) • Thus an imidazoline (VIXI} : 



N V \ / (VIII) 

. (H) * 

wherein one of ^^^—represents an extra bond, and A, n and R 
are as defined in formula CX}^ZDay be dehydrogenated to the 
corresponding imidazole in the presence of a catalyst, for 
example by heating to 230^C in the presence of palladium, 
nickel or platimiin under pressure, or by heating with a dehy- 
drogenating agent, such -as selenium or copper oxide « 1-Pyra- 
zole coupounds (VXI) mjiy be treated with ultra-violet irradiation, 
optionally under an inert atmosphere (e.g. argon) in for example 
1,2-dimethoxyethahe at room or elevated temperatures (see for 
example "Ring Transformations of Heterocycles" edited van der 
Plas, Academic Press, 19'/ 3 at page 261). The unsaturated 
imidazoles of formula (I) (in formula' (VII) , and/or R (within 
R^) are unsaturated) may be reduced to corresponding less 
saturated or completely satiirated ccmpotands (but not reducing the 
aromatic nucleus) with a noble metal catalyst for example platinum 
or palladium' in an alkanol. If R is amiro in' the final product 
.then its precusor.nay be a nitrogen-containing group reducible to 
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aalno e.g. ultro. A compound for example of formula 



y 




CXX) 



where R and n axe as fox formula CD, may be reduced at: "the- 

keto groTsp to a -CH^- group £or example by a Clemmensen reduction - 

Where one or more of the R groups is a saturated or unsaturated 

aUkyl group it may be introducerl into the phenyl ring by a . 

Friedel Crafts or similar Lewis-acid catalysed reaction of the 

type, 



CX) 



N- 




n-x 



9£RZ 



N 



N-A- 




II) 

Wherein A, R and n are as defined for formula (I) , x is an 

1 ■ ' ' 

integer less than or equal to n and Z is a leaving group, 

e.g. halo, suitable for use ii. this type of al3cylation- 

Compounds of formula (I) may also be prepared by cyclising 

preferably in the presence of an acid acceptor, a compound of 

formula 
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(XI : 



2 

wherein A, R and n are as defined for formula (I) and X is 
a leaving group. 

Compounds of formula CD may also be prepared by reacting 

a coEopound of f onziula 




(XII) 

wherein A, R and n are as defined for formulr. (I) , with a compound 
of formulas 

\ / (XIIX) 

CH CH 

wherein either of and is a leaving group such as halo or 

3 ' 3 

hydroxy and the other is hydrogen, or X and Y are both halo 
or together form a keto group or an acetal derivative hereof 
e.g. both and Y^ are axkoxy, and and Y^ are as defined 
for X^ and Y^, although they may be the same as or different 
from X"^ and Y^. 

ito imine salt of for example fonmla 
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(wherein R and n are as for formula 1^ X is an anion, 

is a chemical bond or a straight or branching saturated or 
unsaturated acyclic hydrocarbon radical , which may include a 
keto group/ is hydrogen or a saturated or unsaturated 
acyclic hydrocarbon radical, which may include a keto group , with 
the proviso that A and A together contain no more than 2 carbon 
atoms) may be reduced to the corresponding compound of formula (I) , 
by e.g. zinc and a mineral acid, e.g. hydrochloric acid. 

The intermediates for use in the above described reactions 
may also be made by conventional methods known in the art. Thus 
the 1-pyrazole and l-imidazoldLne intermediates (formula (VII)) may 
be prepared by alkylation of pyrazole and imidazoline in an 
analogous manner to that described above for preparation of the 
corresponding imidazoles. The intermediates of formula (III) 
may be made in known manner preferably by halogenation of the 
corresponding alcohols (formula (III) , Z = hdh) where A is 
unsaturated in such compounds the alcohol is conveniently ^ 
prepared from paraformaldehyde and a 

precursor molecule with an tansaturated A group containing two 
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carbon Atoms* Ccf Bull. Cham. Soc. Japan, 46/8, 2512-5, 
1973) - substituted Imidazole intemediates of fcrmula (IV) 

may be made in )ciiown manner, for example see "Imidazole and its 
derivatives" Part X, Ed. K. Hofmanni, Interscience Publishers 
Inc. New York, 1973. For example the 2-thiolmida2oles o£ 

formula CIV) may be made by cydisation of an acetal of formula 

(XIV) s . • 




■ifitb thiocyanate, wherein is aUcyl, axyl or axylalkyl- 

The pharmaceutieally acc^table addition salts of the 
compounds of formula (I) may be prepared by any method knovm 
in the art. In particular they may be prepared by treating 
the parent imidazole with the appropriate acid. 

Examples of the addition salts of the canpounds of 
f formula (I) include those salts derived from the following 
acidS! oxalic, hydcochloric, hydrobromic, sulphuric, nitric, 
perchloric, fumaric, maleic, phosphoric, glycollic, lactic, 
salicyclic, succinic, toiuene-p-sulphonic, tartaric, acetic, 
citric, methanesulphonic, formic, benzoic, malonic, naphthalene- 
2-sulphonic and benzenesulphonic. 

The imidazoles of formula (X) may be used in conjunction 
• with a phosphodiesterase, Ijihibitor, which provides a further 
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synergistic increase in effect, as it acts against platelet 
aggregation by a dif f c^rent pathway. 

Suitable phosphodiesterase inhibitors for use in potentiating 
the anti-aggregatory effects of the active compounds include 
as such or as pharmaceutically acceptable salts 

(a) Xanthine derivatives such as:- 

Theophylline (3 , 7-dihydro-1 / 3-diinethyl-l H-purine-2 , 6- 
dione) , and salts thereof; 

S-Isobutyl-l-methyl-xanthine; 

Cof f eine { 3 , 7-dihydro- ^ ,3 , 7-trimethyl-1 H-purine- 
2,6-dione) and salts thereof, and 

Aminophylline (adduct of Theophylline and 1/2- 
ethanediamine (2:1) ) . 

(b) Isoquinoline derivatives, for example:- 

Papaverine (6 , V-Dimethoxy-I- (3, 4-dimethoxyben2yl) -iso- 
chinolin) and salts thereof; and 

6 , 7-Diethoxy-l- ( 4 . 5-diethoxybenzyl) isoquinoline or 
its salts e.g. its hydrochloride ^ 

(c) Derivatives of pyr imido ( 5 , 4-d-pyrimidine /. for example:- 

Dipyridamole (2,2' ,2" '-(4, S-dipiperidino-pyrimido 
[5 , 4-d2pyrimidin-2, 6-diyldinitrilo-tetraqthanol) 
ajid its salts; 

2 , 2 ' , 2 " • - t 4- (1 -piperidiny 1) pyrimido [s , 4-d] 
pyrimidin-2 , 6-diyl] dinitrilojtetrakisethanol 
and its salts; and 

2,4, 6-tri-4-morpholinylpyriinido [s , 4-dJpyrimidine 
and its salts. 

(d) Derivatives of thieno j3,2-d^rimidine,f or example:- 

N- [4- ( 4-morpholinyl) thieno [3 , 2-d] pyriinidin-2-ylj - 
1 , 2-ethanediainine. 
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(e) Derivatives of pyrazolo [3 • , 4 • : 2 , 3] pyrido C4 ^ 5-bl 

(1 # 5 3 benzodiazepin-e- C3H) -one , for example : - 

3j-Ethyl-7 , 12-dihydro-7 , 12-dimethylpyrazolo- - 

& V 3 ' s 5 , 63pyrido j4 , 3-b|^l , 5 - benzodiazepiji-^t 3H) -one ; 

10-Chloro-3-ethyl-7, 12-dimethyl-7 , 12-dihydro- 
pyx azolo [4 • , 3 ' ; 5 , 63pyrido (4 , 3 -bj Ql , 5] benzo- 
dia2epin-6- C3H) -one. . 

Cf) • Derivatives of IH- or 2E-pyrazolor3^4-b]- 
pyridine, for example:- 

4- (Butylamino) -l-ethyl-lH-pyrazolo (3 , 4-b) - 
pyrid ine-5-carboxylic acid ethyl ester, 

4- (Butylamino) -iH-pyrazolo {3 / 4-blpy3:idine-6- 
carboxylic acid ethyl ester; 

4-cailoro-l-ethyl-3-methyl-lH-pyra2olc [3 , 4-b| - 
pyridine-5-acetonitrile; 

1- Ethyl-4- (isopropylidenehydrazino) -3-methyl- 
iH-pyrazolo [3,4-^l3pyridine-5-carboxylic acid 
ethyl ester or its salts such as its hydrochloride 
hemihydratcs; and 

23-Methyl-6-phenyl-4- (1-piperidd nyl) -2H-pyrazolo- 
[3,4-b]py3cidine or its salts e.g. its hydrochloride. 

tg) Derivatives of 5H-furo^{[3,4-eJpyrazolo^3,4-b] 

pyridine- 5-onei^ for examples- 

4- (Butylamd no) -1-ethyl-l , 7-dihydro-7-hydroxy-5H;- 
furo- [3,4-eJpyra20lo[3,4-lJ]pyridin'^5-OAej and 

(h) Derivatives of l<2H>-naphthalenone, for example:- 

2- [(Dimethylaaino ) me ^y^O ""3 , 4-dihydro-7-methoxy- 
l(2^)-naphthalenone or its salts e.g. its 1:1 hydrochloride. 

The active compounds are particularly useful in the treat- 
ment and/or prophylaxis of thrombo-embolic disorders in mammals ^ 
including man. It is to be xanderstood that the term •"thrombo- 
embolic disorders" includes those disorders whose etiology is 
associated with platelet aggregation. 
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The act:±ve co mp ounds rore useful wherever It: ±s desired 
Inhibit, pla-tele-t aggregation smd/or to reduce the adhesive 
character of- platelets, and consequently to treat or prevent 
the formation of thrombi in mammals, including xnaM. For 
exanzple, the compounds are useful in the treatment and 
prevention of isyocardial infarcts, cerebro-vascular throznbosis 
and Ischaemic peripheral vasculrir disease; to treat and prevent 
post-operative thrombosis; ard to promote patency of vascular 
giTSLfts following surgery. 

The active compounds are also useful as an addition to 
blood, blood products, blood substitutes, and other fluids 
which are used in artificial extra-corporeal circulation and 
perfusion of isolated body portions, e.g., limbs and orgar.s, 
whether attached to the original body, detached and being 
preserved or. prepared for tramsplant, ,or attached to a new 
body. . It may also be used in laboratory animals, e.g. cats, 
dogs, rabbits, monkeys and rats, for these purposes in order 
to develop new metihods and technic^ues for organ and limb 
transplant* s« 

The active compounds also exhibit some vasodilatory ' action 
on blood vessels and therefore have a utility as anti- 
hypertensives for the tareatment of high blood pressure in mammals 
including man. 

The amount of active compo\ind required for therapeutic or 
prophylactic effect will vary with the route of administration. 
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emd the nature of the condition under treatment. In general 
a suitable dose for a jnammal, including man, of active compound 
will lie in the range of O.l to 300 mg per kg body weight, 
particularly from 0.5 to lO mg per kg body weight, for example 
2 mg per kg. A suitable single oral dose for an adult himan 
lies within the range or 50 to 500 mg, for example ISO mg . 
given say three times a day. 

Hhile it is possible for the active compounds to be ad^n- 
istered as the raw chemical it is preferable to present them 
as a pharmaceutical formulation. The formulations, both for 
veterinary and for human medical use, of the present invention 
comprise an active compound as above defined, together with one 
or more acceptable carriers therefor and optionally other 
therapeutic ingredients. The ca3rrier(s} must be * acceptable' 
in the sence of being compatible with the other ingredients of 
the formulation and not deleterious to the recipient thereof. 
Unit doses of a formulation may contain between 60 mg and 1.5 
g of an active cosnpound. 

The formulations include those suitable for oral, rectal, 
vaginal or parenteral (including subcutaneous;, intramuscular 
and intravenous) administration. Preferred formulations include 
tablets, capsules and injectable suspensions or -solutions. 

The formulations may conveniently be presented in unit 
dosage from and may be prepared by any of the methods well known 
in the art of ph£Lrmacy. All methods include the step of 
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bringing into association the active compound (in the form • 
of the base or a pharmaceutically acceptable acid addition 
salt) with the caurrler which constitutes one or xnore accessory 
ingredients. In general the fonnulations are prepared by 
uniformly emd intimately bringing into association the active 
oompound with liquid carriers or finely divided solid carxiers ' 
or both, and then^if necessary t shaping the product into the 
desired formulation. 

Xt will be appreciated from the foregoing that the present 
Invention provides the following features:-^ 

(a) Kovel l-ajylalkyli mi dazoles of formula (1) and acid 
addition salts thereof. 

(b) Methods of preparing imidazoles of formula (X) and a.cld 
addition salts thereof. 

(c) Phaznnaceutical formulations containing the Imidazoles of 
formula (I) or a pharmaceutically acceptable acid addition salt 
thereof and a pharmaceutically acceptable carrier. 

(d) Method of preparing the pharmaceutical formulations 
containing the imidazoles of formula (X) or a pharmaceutically 
acceptable acid addition salt thereof. 

(e) A method for the treatment or prophylaxis of a thrombo^ 
embolic disorder In a mammal or mammalian tissue. Including man 
or human tissue / comprising administering an active 
compound. 
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(f) An l-azylalkylimldazole of formula (1) or salt thereof as 
an active agent for the treatment of a thrombo-enjbolic disorder 
m a mamnal or mannnalian tissue, including man or human tissue. 

The following Examples are provided by way of an illus- 
tration of the present invention and should in no way be con- 
strued as constituting a limitation thereof. All temperatures 
are given In degrees Celsius. 
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EXAMPLE 1 

Preparation of 1- (3 r4-Diiaethylbenzyl) imidazole 

l-ChlorometiLyl-3,4-dimethylbenzene (34.76 g, 0.225 mol) was 
added to a* mixture of imidazole (13.6 g, 0.2 mol) and sodium 
bicaz-bonate (16. S g, 0.2 mol) in dry methanol (lOO ml) - 
Following the addition, the reaction mixture was stirred and 
heated under reflux for 3 h. 

After cooling r the reacticm mixture was filtered r and the 
filtrate was evaporated under reduced pressure to afford a 
yellow oil^ The- residue was extracted with chloroform (3 x lOO 
ml) , and the combined extracts were washed with saturated brine 
ClOO ml) . The chloroform solution was dried over magnesium 
sulphate^ and then concentrated under reduced pressure. The 
resulting oil was purified using a silica gel column and ethyl, 
acetate/methanol (9:1) as eluent. The product fractions were 
pooled, concentrated, and the resulcing oil was distilled to 
afford 1- (3, 4-diniethylbenzyl) imidazole b.p. 128-130*^/0. 3mm Hg. 

EXRMPIS 2 - Salts of 1- C3r4-Diiaethylben2yl) imi das-ole 

A. Hydrogen Fumarate 

A solution of fumaric acid (0.29 g, P.0025 mol) in hot 
ethanol (lO ml) was added to a stirred solution of l-(3,4-di- 
methylbenzyl) imidazole (0.46 g, 0.0025 mol) in hot ethanol 
(lO ml). After boiling for 0.25 h, the solution was evaporated 
to afford a white solid. Recrystalllsation of the solid from 
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ethyl acetate afforded 1- (3, 4-dime thy Ibenzyl) imidazole hydrogen 
fxmarate 1/6 hydrate as a white solid m.p. 138-140°. 
B« Hydrogen Succinate 

A hot solution of succinic acid (0.295 g, 0.0025 mol) in 
hot ethanol (20 ml) was added to a stirred, hot solution of 
1- (3, 4-dijDethylbenzyl) imidazole (0.46 O.CXD25 mol) in hot 
ethanol (10 ml). After boiling for 0.25 h, the solution vas 
evaporated under reduced pressure to afford a white solid. 
Recrystallisation of the solid from ethyl acetate/petroleum ether 
(b.p- 40-60°) afforded 1- (3, 4-dimethylbenzyl) imidazole hydrogen 
succinate as white crystals, m.p- 134-135*^. 
C. Hydrogen Oxalate 

A hot solution, of oxalic acid (0.225 g, 0.0025 mol) in dry 

ethanol (lO ml) was added to a solution of 1- (3,4-dimethylben2yl) 

imidazole (0.46 g, O.0025 mol) in hot ethanol {20 ml) • After 

boiling for 0.25 h, the solution was evaporated to afford a white 

solid. Recrystallisation of the solid from ethajiol/petroleum 

ether (b.p- 40-60°) afforded 1- (3, 4-dime thy Ibenzyl) imidazole 

o 

hydrogen oxalate as a white solid, m.p. 92-93 . 
EXAMPU: 3 

Preparation of 1-^3- (2,4 -Dichlorophenyl) prop-2-enyll imidazole 

l-Chloro-3-(2,4-dichlorophenyl)prop-2-ene (11.1 g, 0.05 mol) 
was added dropwise to a stirred solution of imidazole (3-4 g, 
0.05 mol) and potassium tert-butoxidn (5.6 g, 0.05 mol) in 
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butan-l-ol tlOO ml) . Following the addition, the reaction 
mixture was stirred and heated under reflux for 3-5 h. 

After cooling^ the reaction mixture was filtered, and the 
filtrate was concentrated under reduced pressure. • Hydrochloric 
acid (ISO ml, 2M) was then added to the residue and the aqueuos 
mixture was washed with ether CI x 60 ml) . The acinic 
solution was then basified with sodium hydroxide solution (lOM) 
aad the resulting oj.l was extracted with chloroform. The 
chloroform extracts were combined and dried over . magnesium 
sulphate. Evaporation of the chloroform under reduced pressure 
afforded a pale yellow oil which was purified using a silica 
"gel column and by elution with ethyl acetate/methanol (9 si). 
The product fractions were looled and concentrated tu afford 
an oil which was distilled, to afford l-^^- (2,4-dichlorophenyl) 
prop-2-ei3yl| Imidazole, b.p. 144-148^/0.007 mmHg. 

EXAMPUS 4 

■ Preparation of 1^5- C2.6-Dichlorop henvl) prop^2-eny33 imidazole 

l^Chloro-3-(2,o-nichlorophenyl)prop-2-ene (11.1 gt 0.05 mol) 
was added cropwise to a stirred solutibn of imidazole (3.^. 
0.05 mol) and potassium tert- butoxide {5.6 g, COS x«ol) in butan- 
l-ol (loo ml). Following the addition, the reaction mixture 
was stirred and heated under reflux for 3.5 h. 

JVfter cooling, the reaction mixtxare was filtered, and the 
filtrate was concentrated under reduced pressure. Hydrochloric 
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acid (150 ol, 2M) was then added to the residue, and the aqueous 
mixture was washed with ether (1 x 60 ml) . The acidic solution 
was then basified with sodium hydroxide solution (lOM) , and the 
resulting oil was extracted with chloroform. The chloroform 
extracts were combined and dried over magnesium sulphate. 
Evaporation of the chloroform under reduced pressure afforded 
a pale yellow oil which was purified using a silica gel column 
and by elution witli ethyl acetate/oethanol (9:1) . The 
product fractions were pooled and concentrated to afford an 
oil which was distilled, to afford l-l3-(2,6-dichlorophenyl)- 
prop-2-enyl3 imidazole, b.p. 156-15a°/o.02 

EXAMPLE 5 * • ' - 



Biological Results 

Horse platelets were prepared from whole horse blood by 
<^i^^e-"ent±al centrif ugation - Approximately 10^ plv^telets 
were homogenised in 1 ml lOO inM Tris buffer pH 7.4. Various 
cont-.entrations of active compound were added and dhe reaction 
sets incubated for 5 minutes at ambient temperature- To each 
tube was added 20 nM of arachidonic acid containing iry 
disintegrations per minute (DPM) of labelled arachidonic acid 
and the tubes incubated for 3 minutes at 37°C in a shaking 
v/ater bath. After incubation the radioactive products were 
extracted from the acidified aqueous phase with ethyl acetate 
and after concentration resolved by thin -layer chromotography 
on silica gel with chloref cnc/methancl/acetic ac.id/water 
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(90:8.1:0.8) as a developing solvent. The 'a^ur.^ of throinboxane 
produced was measured by scraping the radioactive zone corres- . 
ponding to throiBboxane" .and estimating the radioactivity in a 
liquid scintillation counter- • ^ 

The concentration of active compound to reduce the enzyme 
activity by 50% (ED^^) was established.- The results are shown in 
Table A- 

The selectivity of the active compounds was measured in a ' • 

similar manner to that described above and the amount of PGE, 

PGP and PGD produced was determined. The greater the selectivity 

the more of the anti-aggregating prostaglandins are produced. - ;. 

The ED and. selectivity results are shown in Taile A in •- 
SO • . ■ . • 

which O indicates no selectivity! + low selectivity^ 

medium selectivity; +++"high selectivity, and m excep- 

tlonally high selectivity. 

TABIE A 

Conrpound 50 

' Wml Selertiviiiy 
^Reference Compound) 

:^500 0.i» + 

(Imidazole) . , 

( 1-Methy limidazole) 

(3 ^4-dimethylbenzyl) imidazole ^ • 

2.- {3- (2 , 4-^dichloropheiiyl) prop-2- 

n 4.1 + 

enylj imidazole 

2.- {3- ( 2 / e-dichlorophenyli prop-2-eny l] 

1 + 

imidazole 
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EXAMPLE 6 

Tablet formulation 

l-C3,4-di2nethylbenzyl) imidazole (as a salt) ISO mg 

^^^^ 25 mg 

Polyvinylpyrrolidone 2 mg 

Magnesium stearate 3 mg 

The imidazole salt is ground to a fine powder, blended 
With the starch and then the mixture granulated with an 
aqueous solution of the polyvinylpyrrolidone. The granules 
are sieved lOOO p, dried, sieved again and the magnesium 
stearate added. The mixture is then compressed into tablets. 
In the same manner, tablets of 1- [3-(2,4-dichlorophenyl} - 
prop-2-enylI imidazole and 1- [3- (2,6-dichlorophenyl)prop-2-enylj 
±mid2u:ole are prepared. 

EXAt^IE 7 

Tablet formulation 

Tablets (150 mg) of the imidaisoles described in the 
preceding example 6 are prepared in the same a-anner from 
the following ingredients:- 

The Imidazole Compovmd (as a salt) ISO mg 

lactose loo mg 

Starch 30 mg 

Polyvinylpyrrolidone 2 mg 

Magnesium stearate "j^.;3 mg 
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in the preparation, tHe lactose is blended with the 
starch.. 

T^'hlet f onnula-fcion 

Tal)lets ClOO jng) of the imidazoles of Example 6 arc 

prepared i^ the same maimer from the following ingredients: 
The Xiaidazole Compound tas a salt) lOO mg 
Sodirm starch glycollate ' lO mg " 

Polyvinylpyrrolidone . 2 mg 

Magnesium stearate - 3 mg 

EXRMPIS 9 

T^'hlet foxmralation 

Tablets (150 mg) of the imidazoles of Example 6 are 
prepared in tiie same manner from the following ingredients, 
except that: tfhe starch, pregelled starch and imidazole compound 
axe all blended together prior to granu3atic.n;- 
The imidazole Compound (as a salt) 150 mg 

^ • 25 mg " ■ 

■ Starch 

Pregelled starch 5 mg 

Magnesinm stearate ^. ^ 
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exampi;e lo 

Injectable formulation 

Imidazole compotmd of formjala (I) 15.0 g 
Lactic Acid B.P.^ q.s^'^o pH 3 .O 

Water for Injections B.P.^"^ to lOO.O ml 

Suspend the compound in 3/4 of the available quentity 
of water. Add sufficient lactic acid to dissolve the 
compound and to reduce the pH to 3.O. Dilute to volur ■ with 
Water for Injections • 

Sterilise the solution by passage through a membrane 
filter, pore size 0«22 pm. 

Distribute the solution using aseptic precautions into 
sterilised ampoules, 1 ml pe/: ampoule. Seal by fusion of 
"the glass. 

Each 1 ml ampoule' supplies ISO mg of the imidazole 
compo>-nd: 1- (3, 4-dimethylbenzyl) imidazole hydrogen fumarate. 

EXAI^PUS 11 

Injectable formulation 

Imidazole compound of formula (1) 15.0 g 
Citric Acid B.P. q.s. to pH 3.0 

Chlorocresol O.l g 

V?ater for Injections to lOO.O ml 

Suspend the compound in h the final volxme of Water for 

Injections. Add sufficient citric acid 'as a lO% solution in 
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Water for Injections to dir,solve th6 compound and reduce tbe 
pH to 3.0. Dilute to volume vith Water for Injections. 

Sterilise the solution by passage through a membrane 
filter, pore size 0.22 pm. 

Distribute the solution with aseptic precautions into 
sterilised vials, 25 ml per vial. Stopper with sterile 
rubber closures and seal with an aluminium cap. 

Each 1 ml of solution provides ISO mg of the ermpounds 
1- (3 /4-dimethyIbenzyl) imidazole hydrogen fumarate. 

EXT^Ig 12 • 

Injectable formulation 

In the manner described in the preceding two Examples , , 
injectable formulations of 1- [3- t2,4-dichlorophenyl)prop-2- 
enyl| imidazole and l-[3-{2r6-dichlorophenyl)prop-2-enylj 
imidazole salts were prepared. 

EXftMPi;E 13 

By the method described "in Example 1 above tie following 
compounds were prepared: — 
{a) 1- C2, 4, 6-trimethylbenzyl) imidazole 
Cbl 1-|3- (3r 4,5-trimethoxyphenyl) prop-2-enyll imidazole 
Cc) 1- [3- (3, 4-dimethoxyphenyl) pr6p-2-€nyll imidazole 
(d) l-[]3- [2-hydroxyphenyl) prop-2-enyi| imidazole 
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(e) l-[3- {3-bromophenyl) prop-2-enyl] imidazole 
tf ) jjB- C4-chlorophenyl) prop-2-enyl]j imidazole 

(g) 1- C3 , 4-dimethy3 phenyl) prop- 2- enyl] imidazole 

(h) 1- [3 - (2-mGthoxyphenyl) prop-2-enyl] imidazole 
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CLAIMS: 

!• A l-arylalkylimidazole characterised in 

that said compound has the formula: 




in which A is a straight or branched alkylene group 
of f rona 1 to 3 carbon, atoms , or a straight or branched 
j4l3cenylene or alkynylene group of 2 or 3 carbon 
atoms, TL is an integer which is at least 1, aiid the 
or eacli R substituent, which when n is greater than 
1 may be the same or different, is a saturated ailkyl 
group of from 1 to 4 carbon atoms or an unsaturated 
alkyl group of from 2 to 4 carbon atoms, with the 
provisos that ' . . ^ . 

(a) when A is a methylene or ethylidene group, 

n is at least 2 when, each R is saturated alkyl; 
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(b) when A is a branched propylene or 
straight propylidene group, n is at least 3 vhen each 
R is saturated alkyl ; • 

(c) when A is unsaturated R may also be 
selected from alkoxy of from 1 to 4 carbon atoms; 
vhen n is at least 2. alkylenedioxy of from 1 to 4 
carbon atoms; halo; trihalomethyl; hydroxy; 
carboxyl; a salt of such a carboxyl group; carbc- 
alkoxy; carboaryloxy ; carboarylalkyloxy; -HrV or 
-CCNR^r7, in vhich R^ and R^ may be the same or 
different and are hydrogen or alkyi of from 1 to 4 
carbon atoms; with the further proviso that when n 
a-s 1, R is not a saturated alkyl group; 

or an acid addition salt of . such a"l-aryl- 
alkyliinidazole . 

2. A 1-arylalkylimidazole as defined in. 
claim 1 characterised in that A is -CH2- or, in the 
orientation of formula (1), -CH- -CH=CH-. 

3. A l-arylalkylimidazole as defined in 
Claim 2 characterised in that R and n together are 
3,4-dimethyl substituents in the phenyl ring. 
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4. A 1-arylalkylimidazole characterised in 
that it is selected from 1-C3 ,4-di3nethylbenzyl) 

' imidazole, l-[5- (2 ,4-dichloropheTiyl)prop-2-enyri 
- imidazole, and l-[3- [2 ,6-dichloroph'enyl)prop-2- 
5 enyl] imidazole and acid addition salts thereof. 

5. l-(;3,4-dimethylbenzyl)imidazole. or an 
acid addition salt thereof. 

6 . 1- [3, 4 -dimethylbeniyl) imidazole. 

* ?• A method of preparing a l-arylalkylimidazole 

10 . or an acid addition salt thereof as defined in 

claim 1 characterised in that one reacts imidazole 
or a salt thereof with an alkylating ajgent of the 
formula Z-A-^^^^^^n vherein A, n and R are as 
defined in claim 1 and Z is a leaving group, 

15 8* A method of preparing a l-«irylalkylimidazole 

of the formula defined in any of claims 1 to 6 or 
an acid addition salt thereof characterised in " 
that one 

Ca3 converts a substituted imidazole "of the 

20 formula : 

„2 



N~A 



N 
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vherein A, n and R are defined in f onnula CIj and Q-^ , 
2 3 4 

Q , Q and Q axe the sane or different, at least caie being a 
radical capable of removal, the other (s) being a radical having th£ 
same or other removable function or is hydrogen, y is 0 or an integer 
ivith the proviso tha', y and n together do not exceed 5; 

(b) converts a precursor of the formula 

; N-A-^-R-^ 



wherein «^ N is l-imidazolme , 1 -imidazole 

or 1-pyrazole, A^ is a straight* or branched. saturated 

or unsaturated acyclic hydrocarbon radical Khich may 

include a keto group, and R"^ is -^^fW^ as defined 

in formula (I) and R may also be nitro if A i-, 

unsaturated^ provided that at least one of ( N, A"*" 
3 - 

and R is other than 1- imidazole, a saturated acyclic 
hydrocr.rbon group and -^^^^^n as defined in 
formula (I) ; 

(c) alkylates a compound of formaln (X) : 




N-A-< C r> CX) 



wherein A, R and n are as defined for formula 
(I) and X is an integer less than or equal to n with 
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a compound o£ formula RZ"^ wherein R is an alkyl 
group as defined for formula (I) and is a 
leaving group; 

(d) cyclises a compound of formula (XI) : 



wherein A, R and n are as defined for formula 
2 ■ 

(1) and X is a leaving group; * 

Ce} reacts a compound of formula CXII) : 




HN 



wherein A, R and n are as defined for formula 
CID with a compound of formula CXIII3 : 



^CH-CHT CXI 1 1) 



wherein either of and is a leaving 
group and the other is hydrogen or X^ and are 
"both halo or together form, a keto group or an 
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4 4 

acetal derivative thereof, and X and Y are as 
3 3 

defined for X and Y , being the same as or 

3 3 
different from X and Y ; or 

(f) reduces an imine salt of formula CXIIIa) ; 



N 




CXIIIa) 



vherein R and n are as for formula (1) , 
2 

X is an anion, A is a chemical bond or a straight 

or branching, saturated or unsaturated acyclic 

hydrocarbon radical, vhirh may include a keto group, 
3 

A is hydrogen or a saturated ' 

or unsaturated acyclic hydrocarbon radical, which 

2 

may include a keto group, with the proviso that A 
3 

and A together contain no more than 2 carbon atoms. 

9. A pharmaceutical formulation of a 1-aryl- 

alkylimidarole characterised in that it comprises 
an imidazole according to any one of claims 1 to 6 
or prepared by a process according to claim 7 or 8 
oi a pharmaceutically acceptable salt thereof, 
together with a pharmaceutically acceptable carrier 
therefor. 
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10. A pharmaceutical formulation as claimed 
in claim 9 characterised in that it is in the 
form of a tablet. 

11. A pharmaceutical formulation as claimed 
in claim 9 characterised in that it is in the form 
of a parenterally acceptable injectable solution 
or suspension- 

12* A pharmaceutical formulation as claimed 

in claim '9 characterised in that it is in the form, 
of a capsule • 

13* A tab3et of 1-C3 ,4-dimethylbenzyl3 imidazole 

or a pharmaceutical ly acceptable salt thereof. 

14. A tablet as claimed in claim 13 charac- 
terised in that it contains from 50 to 500 mg of 
the imidazole or a pharmaceutically acceptable salt 
thereof, said amount being the amount of the . 
imidazole base present. 

15. A method of preparing a pharmaceutical 
formulation characterised in that one admixes a 
1-arylalkylimidazole or a. pharmaceutically acceptable. 
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acid addition salt thereof as defined in claim 1 
with a pharmaceutically acceptable carrier thereof . 

16. A l-arylalkylimidazole as defined in 
any one of claims 1 to 6 or prepared by a process 
according to claim 7 or 8 . or a pharmaceutically 
acceptable salt thereof, as an active agent for 
the treatment or prophylaxis of thrombo-embolic 
d5 5=orders of a maiiimal or mammalian tissue. 

17. l-C3,4-dimethylbenzyl) imidazole or a 
pharmaceutically acceptable acid addition salt 
thereof as an active agent in the tre'atment or 
prophylaxis of thrombi in a mammal or mammalian 
tissue. 

18. l-C3,4-dimethylbenzyl) imidazole or a 
pharmaceutically acceptable acid addition salt 
thereof as an active agent for the treatment or 
prophylaxis of myocardial infarction. 

19 • A pharmaceutical formulation according to 

any one of claims 9 to 14 as an active agent for 
the treatment or prophylaxis of a thrombo -embolic 
disorder in a mammal or mammalian tissue. 
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in which A is a straight or branched alkylene group o^1rom^ 
to 3 carbon atoms, or a straight or branched alkenylene or 
alkynylene group of 2 or 3 carbon atorris. n is an integer 
which i» at least 1. and the or each R subst.tuent. which when 
n is greater than 1 may be the same or different, is a 
saturated allcyl group of from 1 to 4 carbon atoms or an 
unsaturated allcyl group of from 2 to 4 carbon atoms, with the 



proviso that when A is unsaturated, R may also be alkoxy of 
from 1 to 4 carbon atoms; (when n is at least 2) alkylenedioxy 
Of from 1 to 4 carbon atoms: halo: trihaiomethyl: hydroxy; 
carboxyl; a salt of such a carboxyl group; «rboalkoxY; 
carboaryloxy; carboar/lalkyloxy: -NR'R' or -CONR'R , m 
which R« and R^ may be the same or different and are 
hydrogen or alkyl of frpm 1 to 4 carbon atoms; or an acjd 
addition salt of such a l-arylalkyllmidazole. 

Methods of preparing these l-aiylalkylimidazoles are 

disclosed. . 

The l-arylaikylimidazoles have pharmacological prop- 
erties of use in medicine, in particular for the treatment or 
prophylaxis of thrombo-embollc disorders. 
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